FeMn/Fe/Co/Cu(1,1,10) films were grown epitaxially and investigated using Magneto-Optic Kerr Effect and Photoemission Electron Microscopy. We found that the FeMn/Fe/Co/Cu(1,1,10) exhibits the same property as FeMn/Co/Cu(1,1,10) for ferromagnetic phase of the fcc Fe film, but a different property for non-ferromagnetic phase of the fcc Fe film. The result indicates that the characteristic property reported in the literature for FeMn/Co/Cu(001) comes from the FeMn spin structure, and is independent of the ferromagnetic layer.
I. Introduction
Antiferromagnetic (AFM)/ferromagnetic (FM) bilayer system has been studied extensively because of the application of the exchange bias effect in magnetic read head devices [ 1 , 2 ] . Despite the importance of the AFM/FM system in technology, the AFM/FM interfacial interaction is much more complicated than the FM/FM interfacial interaction because of the magnetic frustration that the nearest neighbor interaction energy cannot be minimized for all pairs of spins at the same time [3] . The magnetic interfacial frustration becomes even more complicated when interfacial roughness is present in real experimental systems. In theory, various models have been applied to deal with the interfacial frustration such as the spin-flop AFM/FM coupling [4] and the random field model [5] . In experiment, AFM/FM system has been studied with the AFM layer being either oxide or metallic thin films. The advantage/disadvantage of these two classes is that oxide AFM films can be measured by the X-ray Magnetic Linear Dichroism (XMLD) but usually suffer a rougher and interdiffusive interface, and that metallic AFM films have a sharper interface but a vanishing of the XMLD signal. While the latter has been widely applied to magnetic devices, investigation on its interfacial AFM/FM interaction has been progressed rather slowly. FeMn film is one representative metallic AFM system because of its excellent epitaxial growth on Cu(001) substrate and its interesting AFM/FM interfacial interaction. For example, FeNi/FeMn bilayer system exhibits characteristic FeNi spin spiral structure and chirality during the FeNi magnetic reversal [6, 7] . Various types of magnetic anisotropies (e.g. unidirectional, uniaxial, and 4-fold anisotropies) can also be generated by the FeMn/FM spin frustration in different thickness ranges [8, 9] . The FeMn layer could even have a lateral effect on a FM layer underneath it [10] . In an effort to classify the FeMn/FM interfacial interaction, single crystalline FeMn/Co/Cu(001) thin films have become important because of the excellent epitaxial growth [11, 12] . It was shown that the FeMn films exhibit three dimensional noncollinear antiferromagnetic spin structure [ 13 ] that significantly affects the Co magnetization at the FeMn paramagnetic-to-antiferromagnetic transition [14, 15] [16] . It was also shown that a FeMn layer could interact with another FeMn/FM bilayer across a Cu spacer layer [17] . Although the later works on epitaxial FeMn/FM thin films have fruitful results such as the effect of induced Fe moment [18] and the magnetic anisotropies [19, 20] However, it is not predictable yet on the easy magnetization axis direction, neither to the effect of foreign atom absorption at the step edges [24] . Thus the different easy axis (the coercivity at room temperature is also plotted in Fig. 2(c) for comparison) . This could be explained by the fact that the Néel temperature of fcc Fe film in the 4-10ML range is very close to room temperature [22] . The result in the 8ML Fe sample shows that the AFM or non-ferromagnetic phase of fcc Fe mediates the FeMn/Co interaction differently from the FM fcc Fe.
Results and Discussion
FeMn has a 3Q-like spin structure [ 25 ] (Fig. 3) . Thus we took Co domain images to represent the Fe/Co layer domains in this paper.
PEEM images were then taken with the in-plane projection of the incident x-rays parallel and perpendicular to the vicinal steps. We first discuss the PEEM result for 
